Objectives-To examine whether residential segregation is a mediator of racial/ ethnic disparities in breast cancer care and breast cancer mortality, or has a differential effect by race/ ethnicity.
Introduction
Several studies have documented that black and Hispanic women are less likely than white women to receive adequate treatment for breast cancer,1 -4 and experience greater mortality. 5 , 6 Racial differences in treatment are not fully explained by differences in clinical and non-clinical factors such as stage, age, comorbidity, health insurance, region, and socioeconomic status.1 , 4 , 7 -11 Residential segregation, the physical separation of one racial/ethnic group from others, may adversely affect access to high quality medical care.12 , 13 Residential segregation is more pronounced for blacks than any other racial/ethnic group in the US.12 Segregation may be an important cause of racial/ ethnic disparities in care and outcomes.12 , 14 , 15 For instance, neighborhood racial and ethnic composition may account for some of the disparities in access to medical care. 13 We sought to further elucidate this relationship between residential segregation and the adequacy of care and mortality for women with breast cancer. To our knowledge, the role of segregation on disparities in cancer treatment has not been explored. The purpose of this study is to examine whether racial segregation mediates disparities in breast cancer treatment and mortality among US seniors, or has a differential effect for different racial/ ethnic groups.
Methods

Data
This analysis uses data from the Surveillance, Epidemiology and End Results (SEER)-Medicare file. 16 The population covered by SEER is comparable to the US population with regards to poverty and education, but tends to be somewhat more urban and has a higher proportion of foreign-born persons than the general US population. These data include information about cancer stage, primary tumor site, and patient demographics and are linked to Medicare claims data by the National Cancer Institute. Data were available for individuals diagnosed with cancer from 1992 to 2002. A restricted access version of these data was obtained so that the characteristics of each individual's census tract of residence, from the 1990 US Census, could be appended. This study was reviewed and approved by the Institutional Review Board of Brigham and Women's Hospital.
Study Sample
Women age 66 to 85 years, whose race/ethnicity was reported as white, black or Hispanic and who were diagnosed with American Joint Committee on Cancer (AJCC) Stage I, II, or IIIA breast cancer as a single primary from 1992 to December 2002 were included in this analysis (n = 70,541). As is typical with analyses based on SEER-Medicare data, we excluded women younger than 66, so that we would have at least one year of Medicare claims to assess comorbidity. 17 We also removed women who had HMO coverage and those who were not covered by both Parts A and B for at least 1 year before and 1 year after diagnosis with breast cancer, to ensure that Medicare billing claims were complete (n= 22,508). We excluded women over the age of 85 because of more clinical uncertainty about the management of these women. Because our analysis was focused on the role of residential segregation, we excluded an additional 167 individuals with a missing census tract identifier. The final sample included 47,866 women.
Variables
Our outcome measure was whether women with breast cancer received adequate breast cancer care. We focused on a previously developed measure of the adequacy of breast cancer care using SEER-Medicare data.1 Adequate care was defined as receipt of effective surgery (either mastectomy or breast conserving surgery {BCS} with radiation therapy) within 6 months of diagnosis, and an assessment of estrogen receptor (ER) status at the time of surgery. BCS with radiation therapy and mastectomy have equivalent survival.18 BCS without radiation is considered to be inadequate therapy, as this treatment is associated with a higher risk of recurrence. Women who received both BCS and mastectomy (both within 6 months of diagnosis) were classified as having a mastectomy (n = 10,679). Assessment of ER status is necessary to determine appropriate chemotherapy. We did not examine the use of chemotherapy, as this was not included in the established indicator of prior breast cancer care.1
To measure residential segregation, we used the isolation index, a measure of the probability that a member of one racial/ethnic group is likely to be in contact with members of this same group (as opposed to whites), compared with residential neighbors in the same census tract calculated using the population within 1990 census tracts and counties. 19 , 20 It is calculated separately for blacks and Hispanics. For instance, the isolation index for blacks within a county = ∑ (b i / b total ) x (b i / T i ); where i = one of N census tracts in the county, b i = the number of blacks in the census tract i, b total = the total number of blacks in the county, and T i = the total population of census tract i. 21 We divided large counties with populations greater than approximately 500,000, such as Los Angeles, into smaller, municipal areas based on locally defined neighborhoods, and calculated the isolation indices for these municipalities based on the census tract populations within these regions. 22 We took this approach because of a growing social science literature that suggests that these areas play a meaningful role in the structure of social processes associated with place of residence, including segregation.22 , 23 Municipal areas were defined using information from local urban planning departments and census maps. There are 463 counties in the dataset; 36 of these were separated into 697 municipal areas.
The isolation index ranges from 0 to 1.0, with a higher number indicating greater segregation.24 For example, a county with a black isolation index of 0.6 suggests that a black individual in that county would be very isolated, having a 60% chance of having only other blacks as neighbors. The median household income of the census tract was also included as an independent variable (categorized as < $20,000, $20-39,999, $40-$59,999, ≥ $60,000).
Individual-level independent variables included age at diagnosis (continuous), race/ ethnicity (white, black, Hispanic), marital status (married, not married), cancer stage (I, II, IIIA, based on the modified AJCC), tumor size (continuous in centimeters), Charlson comorbidity index (categorized as 0, 1, 2, ≥ 3),25 whether an individual was of "low income" (based on eligibility for state assistance with Medicare premiums and copayments), region of residence (Northeast, Midwest, South, West) and year of diagnosis. Missing tumor size (N= 2,262) was imputed by the average tumor size for each race/stage.
Analysis
Characteristics of black and Hispanic women were compared to characteristics of white women using chi-square tests. To examine the effect of race/ ethnicity and segregation on receipt of adequate care we used multi-level logistic regression models, clustered by county, using SAS version 9 (SAS Institute, Cary, NC). Initial models were adjusted for age at diagnosis, race/ ethnicity, marital status, comorbidity, eligibility for state buy-in coverage, cancer stage, tumor size, year of diagnosis, census region, and the median household income of the census tract of residence. If a significant racial/ ethnic effect was found, then the segregation index was entered into the model and if the index decreased the racial/ ethnic effect then segregation was considered to be a mediator. We examined separate models for blacks compared with whites, and Hispanics compared with whites. To examine the effect of race/ ethnicity and segregation on breast cancer mortality we used Cox proportional hazard models, clustered by county, using SUDAAN version 9, using the same variables described above. Survival was defined as the interval from the date of diagnosis to the Medicare date of death from breast cancer, and if that was missing, SEER date of death. Patients alive at the end of the study period (December 31, 2003) or who died from other causes were censored at that point and contributed the time interval from their date of diagnosis to the end of the study in the survival analysis.
Results
We compared the demographic characteristics of individuals included in our sample to those who were excluded because of HMO coverage or limited claims data. Individuals included in the sample were slightly more likely than those excluded to be disadvantaged (rate of ever having qualified for state buy-in coverage of 15.6% vs. 15.0%). Individuals included were somewhat less likely to be black than those who were excluded (6.0% vs. 7.0%), but were much less likely to be Hispanic (3.6% vs. 8.7%).
Compared to white women, black and Hispanic women were younger, less likely to be married, and more likely to have ever been eligible for state buy-in coverage (Table 1) . Black and Hispanic women had more comorbidity than whites. Black and Hispanic women were both more likely to be diagnosed at a later stage and with a larger tumor than white women. Overall, only 62.6% of women received adequate breast cancer care (mastectomy or BCS with radiation, and assessment of ER status), and black and Hispanic women were less likely than white women to have received this measure of adequate breast cancer care. Specifically, minority women were less likely to have received BCS with radiation, or assessment of ER status. There was no difference in the use of mastectomy between the three racial/ ethnic groups. Blacks were less likely than whites to survive 5 years following their diagnosis, whereas there were no differences in survival between whites and Hispanics. Whites lived in areas with a highest median household income, and blacks the lowest. Blacks lived in areas with greater black isolation than whites or Hispanics, and Hispanics lived in areas of greater Hispanic isolation than whites or blacks. Blacks were more likely than whites and Hispanics to live in the south or the mid-west. Hispanics were more likely than whites and blacks to live in the west. Black isolation was greatest in the south (mean isolation index 0.36) and lowest in the west (mean isolation index 0.11). Hispanic isolation was greatest in the west (mean isolation index 0.23) and lowest in the mid-west (mean isolation index 0.02).
After adjustment for individual characteristics and median household income of the census tract, but not segregation, blacks were less likely than whites to receive adequate care (odds ratio {OR} 0.72; 95% confidence interval {CI} 0.65 -0.78). Black segregation mediated some of the disparity in receiving adequate care. As black segregation increased, women, both black and white, were less likely to receive adequate breast cancer care (Table 2: OR 0.73; CI 0.64 -0.82). Segregation reduced the black-white disparity in adequate care by 8.9% (unadjusted OR = 0.72 for segregation versus 0.78 adjusted). In a model that adjusted only for demographic and clinical characteristics (age, marital status, comorbidity, tumor size, cancer stage, prior Medicaid coverage, and year of diagnosis), 9.9% of the black-white disparity in the adequacy of breast cancer care was explained by these variables. The model that adjusted for segregation and median household income of the census tract in addition to the demographic and clinical characteristics explained 25.3% of the black-white disparity in receiving adequate breast cancer care.
Although Hispanics were less likely than whites to receive adequate care after adjustment for demographic characteristics, comorbidity, cancer stage and tumor size (OR 0.82, 95% CI 0.74 -0.91) this disparity did not persist in the multi-level models that accounted for residential segregation (OR 0.99; CI 0.88-1.10) ( Table 2 ). In a model that adjusted only for demographic and clinical characteristics (age, marital status, comorbidity, tumor size, cancer stage, prior Medicaid coverage, and year of diagnosis), 1.9% of the Hispanic-white disparity in the adequacy of breast cancer care was explained by these variables. The model that adjusted for segregation and median household income of the census tract in addition to the demographic and clinical characteristics explained 9.1% of the Hispanic-white disparity in receiving adequate breast cancer care. Greater Hispanic segregation was associated with a lower likelihood of receiving adequate care, for both Hispanic and white women (OR 0.74; CI 0.61-0.89). Older women, women with more comorbidity, early stage, and those who were ever eligible for state buy-in insurance were also less likely to receive adequate care.
Blacks experienced greater breast cancer mortality than whites, even after adjusting for whether they received adequate care (adjusted Hazard Ratio (HR) 1.44; CI 1.27-1.63). Adequate care was associated with lower mortality (HR 0.82; CI 0.76 -0.87). Black segregation did not substantially mediate the black-white disparity in survival, and was not significantly associated with mortality (HR 1.03; CI 0.87-1.21). Breast cancer mortality did not differ between Hispanics and whites (HR 0.94; CI 0.78 -1.13).
Discussion
This work confirms that many women do not receive adequate care for breast cancer and that there are black-white disparities in breast cancer care and mortality. 1 -5 , 11 Women who live in more segregated areas were less likely to received adequate breast cancer care. This work also suggests that residential segregation may mediate some of the black-white disparity in breast cancer care, but not mortality. We did not find Hispanic-white disparities in breast cancer care or mortality in the fully adjusted models, although disparities in care were apparent in models that only controlled for individual-level characteristics.
Several studies suggest that breast cancer treatments are underutilized by black women relative to white women, after accounting for differences in cancer stage.2 , 26 , 27 3 , 28 , 29 Racial differences in the use of breast cancer treatment may be related to differences in access to specialized providers,30 , 31 racial bias in referral patterns or treatment recommendations,32 , 33 preferences for treatment,34 , 35 communication or understanding about risks and benefits,36 and trust in the health care system or research.37 , 38 Segregation has been demonstrated to have adverse economic, political, and social consequences. 39 We hypothesized that segregation may limit access to specialized cancer providers or to information or understanding of treatment options. Segregation may influence preferences for care, or beliefs about the efficacy and side effects of cancer treatment. 34 This work suggests that segregation for blacks may adversely affect access to breast cancer care. To the best of our knowledge, prior work has not examined the role of segregation on the use of cancer treatment.
Segregation may be associated with a decline in the adequacy of breast cancer care for whites and blacks because of more limited access to specialized providers in more segregated areas. Our work is consistent with the observation that women living in highpoverty ZIP codes are less likely to receive radiation following BCS than are women living in ZIP codes with lower levels of poverty.4 Our work is also consistent with a recent study of patients with end stage renal disease that showed that time to transplantation was longer among both black and white patients in more segregated areas and that dialysis facilities located in these areas may be of lower quality. 40 Prior work suggests that black and white patients are treated by different physicians, and that physicians who care for black patients may have fewer clinical resources and are less likely to be board certified. 41 As blacks are much more likely to live in segregated areas than whites, our findings may be explained by the location of these physicians in more segregated areas. In contrast to the decline in the use of adequate breast cancer care with increasing segregation, segregation was not a mediator of disparities in breast cancer mortality among these seniors between blacks and whites. It is not surprising that the effects of segregation were more limited for Hispanics than for blacks, as blacks are more segregated than other racial/ ethnic groups in the US. 42 Our work has several limitations. Although we were able to adjust for the socioeconomic status of the area where an individual lived, we had limited information about individual socioeconomic status (i.e., eligibility for state buy-in coverage for Medicare). There is a growing portfolio of effective, increasingly personalized breast cancer treatments beyond the ones measured here. We focused on a previously developed measure of breast cancer care that would be applicable to the vast majority of women with breast cancer. SEER-Medicare data has been found to be reasonably accurate for assessing the use of surgery, radiation therapy, ascertainment of ER status, and surveillance mammography.43 -46 As we examined the care of seniors, our findings may not be generalizable to younger women. Disparities in care may be larger for younger women, particularly since this senior population was all covered by Medicare. 47 As has been done in other analyses using these data, we excluded individuals with HMO coverage and those with less than one year of claims before or after diagnosis so that comorbidity and treatment could be adequately assessed.17 Again, this may limit the generalizability of our findings although the racial/ ethnic and socioeconomic characteristics of those included vs. excluded were similar except for Hispanics. Our analyses are observational and should not be considered causal. Ascertainment of Hispanic ethnicity is likely not complete in SEER or Medicare files, meaning that some Hispanics were probably misclassified.
Among seniors, segregation may mediate some of the black-white disparity in breast cancer care but not mortality. We did not find disparities in breast cancer care between Hispanics and whites. Segregation was adversely associated with the adequacy of care for all women. Future research should examine mechanisms for these associations, like differences in the availability of specialized providers or the dissemination of health information, so that appropriate interventions can be designed. 
